Studies of exclusive final states produced by the two-photon process have been made at SPEAR by the Mark II and by the Crystal Ball Collaborations. region 500 MeV/c2
INTRODUCTION
The production of a meson resonance or a meson-antimeson pair by two colliding photons is one of the simplest of hadronic reactions -strong interactions are present in only the final state. Photon-photon collisions are an ideal place to study the properties of C = + resonances') (Jf 1), and at higher masses the reaction yy + ME is expected to be a testing ground for QCD.2) Experimentally these processes can be readily identified by their unique kinematical properties.
The yy center-of-mass system is characterized by invariant masses that are small compared to the e+e-center-of-mass energy, and by low transverse momenta relative to the beam axis. This latter property, which is due to the dominance of the incident flux by photons with small q2, allows almost any topology to be isolated from feed-down from higher multiplicity events produced in the e+e-annihilation channel or in the two-photon channel itself.
Measurements of the cross section for the reaction yy + IT+~-have been made with the Mark II detector at SPEAR, and the yy + x0x0 process has been studied by the Crystal Ball group, also at SPEAR. Strong signals from the well-known f(1270) meson are seen in both final states, although the resonant mass appears to be e 30-40 MeV/c2
below the value established in hadronic experiments. The large acceptance of the Crystal Ball detector allows, for the first time, a determination of the helicity structure of the production mechanism of the resonance. The cross section for the production of x+n-pairs at masses above and below the resonant peak has been measured with the Mark II. The result is found to be quite large at masses below the resonance, but falls rather sharply at higher masses.
The ran decay mode of the A2(1310) has been detected in the Crystal Ball.
The measured decay width P A~+YY z 0.8 keV is in agreement with the value of 1.0 keV expected from SU(3) symmetry (with fractionally charged quarks) and the value I' f+YY z 2.7 keV measured with the same detector.
The four pion final state, studied by the Mark II group, is found to be dominated by the process yy + pop0 -t r+r-r+a-. The cross section rises rapidly near the POP' threshold to a value -100 nb. This is considerably larger than might be estimated from either the vector dominance model or from QCD.
The Crystal Ball detector3) is shown in Fig. l 
II. yy +-+lTlT
The two-prong mass spectrum, as seen in the Mark II, is given in The background from higher multiplicity events has been determined by making extrapolations from higher values of net transverse momentum. The beam-gas contamination was measured in side-bands of the vertex position along the beam axis. As can be seen, these backgrounds are quite small compared to the total two-prong sample, but they become 5-30% in the raw yy -+ IT+IT-signal discussed below.
Except in the region near 1200 MeV/c2, the two-prong sample is dominated by QED events yy + ee and yy + vu. The curve in Fig. 2 point. The number of pion pairs produced at masses below the resonance is seen to be quite large.
The results shown in Fig. 3 (a) are not terribly convenient since they depend upon the detector acceptance and the spectrum of beam energies used in taking the data sample. The yy cross section can be computed from 7)
do ee + eeX a 2 0
where E b is the beam energy, sx is the square of the yy invariant * mass, and dQ is the yy c.m.s. solid angle element.
With the restriction lcoseLl < 0.6, there is not much information in the angular distribution, but shown in Fig Born term at all masses, and the second consisted of using the Born term at masses below 1 GeV/c2, but replacing it with the QCD prediction at higher masses (see Fig. 3(b) ). The third term in Eq. (2) is a postulated interference between the first two terms. The non-f amplitude was taken to be real.
Since no partial wave decomposition was done, the parameter B was included and fits were made with various values -1 I 8 < 1. The last term represents the contribution of the process yy + f' (1515) + K+K-where the kaons have been misidentified as pions. The ratio rf, + YY / 5 + YY was taken from SU(3) and the BRf 1 j K+K-was assumed to be 50%. The result of a Monte Carlo calculation, which included losses due to kaon decays, was that this term is 3.8% of the f. The yield of f' events is shown in Fig. 4 The yy + x0x0 signal has been extracted from the total sample of 4y events (with IIsT I2 s 0.03 GeV2/c2) by making a two-dimensional 0 0 cut that required a x R combination to exist with 100 MeV/c2 s m s 170 MeV/c'. YY Backgrounds from other processes were 00 measured in two-dimensional sidebands around the 71 7~ area. They were found to be quite small at invariant masses above 800 MeV/c2. Beamgas backgrounds were estimated to be 6 1%. The background-subtracted ~l'~l' mass plot is given in Fig. 7(a) . The subset of these data that was taken with a low total-energy-trigger threshold (600 800 MeV) is shown in Fig. 7(b) .
Although there may be a slightly larger portion of events below 1000 MeV/c2 in the lowthreshold data, it appears that the remainder of the trigger scheme was sufficient to prevent any serious distortion of the mass spectrum.
The data in Fig. 7 have neither been corrected for detection efficiency nor has the distortion due to the photon flux been removed. 
which is valid since the experimental data have been integrated over the azimuthal angle. The result of this fit is included in Fig. 8 and, as can be seen, the A-2 piece is dominant; ao/a2 = 0.12 f 0.39 and 
This is the only measurement of I' f made to date that does not + YY rely on an assumed helicity structure of the production mechanism. In order to allow comparisons with other results, a value of rf + YY = 2.7 f 0.2 f 0.6 keV has been computed from the observed number of events under the assumption that the f is produced only in the helicity ?2 state (this is the assumption usually made by other experimenters, e.g., result (3) above).
IV. The f(1270) at SPEAIi
The two measurements of the radiative width of the f presented here, 2.7 + 0.2 + 0.6 keV (Crystal Ball) and 3.6 f 0.3 + 0.5 keV Ball detector is still being pursued13).
It is, of course, well known that broad resonances produced in photoproduction experiments (e.g., yN + p"N) are observed to have distorted line shapes 9) . These effects, however, are confined primarily to the diffractive kinematic region at low momentum transfers, and have been thought to be due to interference with other amplitudes14) or to properties peculiar to the corresponding hadronic diffractive process predicted by VMD 15) (e.g., p"N + p"N).
If the data presented in this report are taken at face value, then neither of these ideas is sufficient by itself to explain the process yy+f+ax.
The aon signal seen in Fig. 6 has been analyzed in the same man-00 ner as the IT IT signal.
After making sideband background subtractions, the mass plot shown in Fig. 9 The Crystal Ball measurements give the experimental result 2.7 / .77 = 2718. It should be pointed out that even though a number of systematic uncertainties might cancel in the ratio, the statistical errors are still large. Nevertheless, the agreement with the SU (3) prediction is notable.
VI. yy + ?T+lcl +-IT
The four pion final state has been studied with the Mark II using all data taken with beam center-of-mass energies between 4.8 GeV and .
GeV (Z 12 pb-l).
The mass spectrum of all events that contain four charged tracks with zero total charge is given in Fig. 10 Backgrounds from beam-gas events were found to be only a few percent and corrections have been made to all data shown here. Feed-down from higher multiplicity events produced in either the annihilation channel or the two-photon channel itself were subtracted by making ' q IXp,1<0.100 GeV/c _ ' I 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 M,,, (GeV/c') .".,. The numbers of two-photon events with total transverse momentum less than 100 MeV/c as determined by the fits were taken to be the signal.
The errors on these numbers were also determined by the fits and, thus, include a reasonable estimate of the systematic uncertainty of the background subtraction.
(This uncertainty dominates the errors in the final answers given below.)
Before the acceptance of the detector for the process yy + 4x was determined, the phase space structure that the data exhibit was studied.
Each event contains 4 neutral combinations of rr+aT and 2 k+-charge-two combinations IT IT . If the pions are pair-wise uncorrelated, +i then the mass distribution of ~-IT pairs would have the same shape as that for afar+. The relative normalization, furthermore, would just be a factor of 2. The mass distribution of charge-zero pairs is shown in. Fig. 14(a) . The corresponding distribution of the p" decay angle (in the co rests frame) is given in Fig. 14(b) . Although the errors are large (and the points are correlated to each other), the no production appears to be peaked . A current algebra calculation 17) of the process yy + IT+IT?T+IT-has given a value w 2nb for the cross section just above the four-pion threshold.
A perturbative QCD calculation of the cross section YY -+ P ' o has recently been completed2) and, although its validity at P low masses is uncertain, the result is given in Fig. 15 Goldberg and Weiler have argued that the data are consistent with a 2 -+ orbital excitation of the n(549>1q). Both of these assumptions are able to fit the observed mass dependence of the cross section, but the angular distribution of the pots (Fig. 14(a) ) would favor a spin-2 object.
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